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By Alisa Zapp Machalek

Bonnie Ba s s l er is a spy.

L i ke a sec ret agen t , she ga t h ers intell i gen ce by bu gging convers a ti on s . But Ba s s l er is 
not after peop l e . She is eave s d ropping on mu ch ti n i er bei n gs : b acteri a . Her goal—t h e
corn ers tone of e s p i on a ge—is to decode a sec ret language , t h en po s s i bly scra m ble or
red i rect the discussion s .

Ba s s l er, 4 2 , a microbial gen eticist at Pri n ceton Un ivers i ty, l e ads a re s e a rch team inve s ti-
ga ting bacterial com mu n i c a ti ons that underlie a long list of a i l m en t s ,i n cluding ch o l era ,
tu berc u l o s i s , typh oi d , pn eu m on i a , and food poi s on i n g. By revealing how to disru pt key
b acterial exch a n ge s , Ba s s l er ’s work might help va n quish these ailmen t s .

Let It Glow
The bacteria Ba s s l er inve s ti ga tes do not cause illness in hu m a n s , but float free in the
worl d ’s oce a n s , l ive in sand, and coat fis h , cora l , and debri s . Most rem a rk a bly, t h ey gl ow
in the dark .

Su ch gl owi n g, or “bi o lu m i n e s cen t ,” m a rine bacteria are ex trem ely com m on . People 
dining by candl el i ght or peering into ref ri gera tors with bu rn ed - o ut bulbs som eti m e s
s ee their seafood spark l e . For Ba s s l er, this blu e - green gl ow shines a light on bacteri a l
com mu n i c a ti on .

“ Bacteri o l ogists have had it wrong for a couple hu n d red ye a rs ,” s i ghs Ba s s l er. “We
a lw ays thought free - l iving bacteria lived asoc i a l , reclu s ive , i n d ivi dual live s , but that’s 
not the case. Th ey could never do all they do wi t h o ut com mu n i c a ti on sys tem s .”

Ba s s l er studies Vi b rio harveyi ( a bbrevi a ted V. h a rveyi) bacteri a , wh i ch can on ly gl ow
wh en they are in a su f fic i en t ly large group known as a qu oru m . Using a ch emical stra t-
egy du bbed qu orum sen s i n g, the bacteria manage to assess their own pop u l a ti on size

and distinguish them s elves from all other kinds of b acteri a .

Be s i des its role in bi o lu m i n e s cen ce , qu orum sensing is used by
m a ny kinds of b acteria to mastermind beh avi ors ra n ging from
m a ting to releasing toxins and tri ggering disease, an activi ty
k n own as vi ru l en ce . Most notably, qu orum sensing is used by
m a ny harmful bacteria to avoid a full - bl own re s ponse from our
i m mune sys tems—u n til it’s too late for us. The bacteria appe a r
rel a tively innocuous as they qu i et ly grow in nu m ber. Th en ,
wh en their pop u l a ti on re aches a certain level , t h eir beh avi or,
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By stu dying the way bacteria join toget h er into or ga n i zed
gro u p s ,s c i en tists also learn how humans and other high er
or ganisms devel oped , Ba s s l er says . Af ter all , our bodies 
a re essen ti a lly co ll ecti ons of gen eti c a lly iden tical cells that,
b a s ed on ch emical cues, s pec i a l i zed into different ti s su e s
( s k i n , bon e s , a heart , bra i n , and so fort h ) . According to
Ba s s l er, these ti s sues prob a bly interact with each other
using ch emical crosstalk similar to that in bacteri a .

Knock Their Lights Out
The idea that bacteria com mu n i c a te was con s i dered
“f ri n ge scien ce” for dec ades after the early 1970s, wh en
re s e a rch ers first showed that some marine bacteria not
on ly ga bbl e , but tu rn the lights on wh en the party gets 
big en o u gh . Ba s s l er says many scien tists ori gi n a lly 
d i s m i s s ed the work as “qu i rky re sults in non - i n tere s ti n g,
n on-[disease-causing] bacteri a .”

Ba s s l er ’s fascinati on with bacterial com mu n i c a ti on ,
qu orum sen s i n g, and lu m i n e s cen ce began in 1990, wh i l e
she was a gradu a te stu den t . She heard a vi s i ting scien ti s t
describe his discovery, made years earlier, of the first
genes for qu orum sen s i n g. In s t a n t ly exc i ted abo ut the
top i c , she ch a r ged up afterw a rds and persu aded the
s pe a ker to hire her on to his re s e a rch te a m .

Th a t’s how Ba s s l er ’s spy work started . She began her
i nve s ti ga ti on trying to “k n ock the lights out” of the 
mys teri o u s , gl owing bacteri a . In other word s , she was 
trying to use molecular tech n i ques to find the gen e s
n eeded for bi o lu m i n e s cen ce by disabling or “k n ock i n g
o ut” these gen e s . If she su cceeded , the re sult would be 
a “d a rk” s train of b acteri a , i n c a p a ble of gl i t teri n g.

a ppe a ra n ce , and met a bolism instantly ch a n ge , c u l m i-
n a ting in an infecti on that can ambush and overwh elm 
our immune sys tem defen s e s . It’s akin to thousands of
pede s trians in a city inters ecti on simu l t a n eo u s ly walking
i n to the street ,l ocking arm s , and para lyzing tra f fic .

We Have a Quorum
Q u oru m - s ensing bacteria leak into their su rro u n d i n gs 
a ch emical that, l i ke body odor, i n d i c a tes their pre s en ce .
As the bacterial pop u l a ti on incre a s e s , so does the 
con cen tra ti on of this ch em i c a l ,
c a ll ed an autoi n du cer. Wh en
the amount of a utoi n du cer
re aches a certain level , t h e
whole bacterial nei gh borh ood
is tra n s form ed . The on ce -
i n depen den t , s o l i t a ry bacteri a l
cells su d den ly become part of
a large , mu l ti cellular or ga n i s m .

An everyd ay example of su ch
b acterial tra n s fig u ra ti on is the ten acious slime that can
acc u mu l a te on teet h ,s h i p s , b a t h tu b s , and kitch en dra i n s .
These slippery coa ti n gs are actu a lly soph i s ti c a ted micro-
bial com mu n i ties call ed bi ofilms in wh i ch bacteria ei t h er
become part of pro tective coa ti n gs ,w a ll s , or nutri en t -
fill ed ch a n n el s , or they swim around inside these
s tru ctu res as high ly mobi l e , i n depen dent cell s .

Ta pping into the ch emical com mu n i qués needed to make
bi ofilms has many app l i c a ti on s , according to Ba s s l er.
Bi ofil m - bl ocking su b s t a n ces could redu ce illness caused
by infected catheters and other implanted med i c a l
devi ce s . Th ey could prevent bacterial bu i l dup in indu s tri a l
cooling towers and swimming poo l s . An d , i f ad ded to
too t h p a s te or mout hw a s h , t h ey could battle tooth dec ay.
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i n s i de it! Ba s s l er could fin a lly iden tify the Espera n to
m e s s a ge molec u l e . She call ed it A I - 2 , for autoi n du cer 2.

Th en the plot thicken ed aga i n . Som ething didn’t loo k
ri ght abo ut A I - 2 . Most molecules in living cre a tu re s
contain large amounts of the el em ents carbon , hyd rogen ,
ox ygen , and nitrogen , and a sprinkling of ph o s ph orus and
su l f u r. A I - 2 a ppe a red to contain the el em ent boron .

Boron is used in a ra n ge of i n du s trial produ ct s ,i n clu d i n g
i n su l a ti on fiber gl a s s ,l a u n d ry deter gen t , and pyro tech n i c
fla res (the green on e s ) . Al t h o u gh boron is found in plants
and in some bacteri a , u n til Ba s s l er ’s inve s ti ga ti on , no on e
could pinpoint a bi o l ogical role for it.

Boron’s mys ti que also hel ped Ba s s l er rec ruit a ch emist 
to make A I - 2 , and similar molec u l e s ,f rom scra tch . S h e
re a s on ed that su ch molecules could serve as decoys to
su bvert , ra t h er than incite , vi ru l en ce and other qu oru m -
s ensing beh avi ors . If re s e a rch ers can get this “tri ck” to

work in V. h a rveyi, the same stra tegy might help topp l e
the bacteria that cause diseases in peop l e .

“ If a ll bacteria use A I - 2 , you can fantasize abo ut one 
a n ti-AI-2 molecule that could serve as a broad - s pectru m
a n ti bi o ti c ,” muses Ba s s l er.

Most current anti bi o tic dru gs are de s i gn ed to kill bacteri a .
The “bu gs” that su rvive this tre a tm ent go on to breed
gen era ti ons of m i c robes that are invu l n era ble to the
a n ti bi o ti c s . According to Ba s s l er, t a r geting qu oru m
s ensing would be a radical new anti bi o tic approach that
m i ght be less likely to fo s ter this sort of d rug re s i s t a n ce .

“The hope is that, i n s te ad of k i lling the bacteri a , we co u l d
try beh avi or mod i fic a ti on dru gs . It would be like put ti n g

De s p i te repe a ted ef fort s , Ba s s l er ’s bacteria kept shining.
Th en su d den ly, a light went on in her own head .

“ Maybe these bacteria have two com mu n i c a ti on sys tem s
and knocking out one is not en o u gh ! ”

She was correct . Ba s s l er determ i n ed that V. h a rveyi con-
tains not on ly the ori ginal qu oru m - s ensing sys tem that
h ad been discovered a dec ade earl i er, but another, even
m ore com p l i c a ted sys tem . In the ori ginal sys tem , qu oru m -
s ensing beh avi ors are sparked by a molecule call ed A I - 1 ,
for autoi n du cer 1. E ach species of qu oru m - s ensing bacte-
ria makes and detects its own vers i on of AI-1 and doe s n’t
recogn i ze the molecules made by other bacteri a . In ef fect ,
e ach strain of b acteria is speaking its own language .

In con tra s t , the sys tem Ba s s l er discovered—one she 
l i kens to “b acterial Espera n to”—is a universal language
that can be recogn i zed and used by many, i f not all ,
qu oru m - s ensing bacterial spec i e s .

Ba s s l er con clu ded that qu oru m - s ensing bacteria are
bi l i n g u a l . Th ey use a special code to talk to mem bers of
t h eir own species and a com m on language to convers e
with all others .

Having two different com mu n i c a ti on sys tems of fers
cl e a r adva n t a ges for bacteri a , Ba s s l er ex p l a i n s . Th ey 
can covert ly track their own nu m bers , s py on their 
com peti ti on , and mon i tor their envi ron m en t , while 
also building all i a n ces with other microbe s .

Esperanto Espionage
Upon finding the new com mu n i c a ti on sys tem , Ba s s l er ’s
n ext mission was to unmask the main Espera n to message
m o l ec u l e . Using several labora tory tech n i qu e s , s h e
decoded each step in the bi och emical pathw ay that bacte-
ria use to make the universal signal molec u l e . But all her
gen etic tools failed to reveal the molec u l e’s true iden ti ty.

Ba s s l er dec i ded to swi tch tacti c s . She rec ru i ted an X-ray
c rys t a ll ogra ph er, a scien tist who blasts high - en er gy 
X - rays at micro s copic crystals of m o l ecules to illu m i n a te
t h eir det a i l ed stru ctu res and ch emical properti e s . The 
i dea was to get at the Espera n to molecule by examining 
its cellular all i a n ce s , s pec i f i c a lly Lu x P, the molecule to
wh i ch Espera n to attaches in order to initi a te cellular 
com mu n i c a ti on . In essen ce , t h ey moved from ga t h eri n g
i n tell i gen ce on the main su s pect to snooping around the
ph one booths the su s pect uses to talk with con t act s .

The plan worked—the image the scien tists captu red 
of LuxP had 13 too many atom s , meaning they had
ph o togra ph ed not on ly the ph one boo t h , but the su s pect
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to these med i c a lly important sRNAs ,t h ey may of fer tanta-
lizing po s s i bi l i ties for new ways to stu dy, detect , preven t ,
or cure ill n e s s .

If that happen s , Ba s s l er won’t be su rpri s ed .S h e’s con ti nu-
a lly aw a re of the broader implicati ons of h er re s e a rch .

“I think every day that what I do is va lu a bl e . We’re asking
f u n d a m ental qu e s ti ons abo ut how natu re works—h ow
i n form a ti on is tra n s ferred from out s i de to inside an
or ga n i s m ,” Ba s s l er says .

“ I ’m working on a gl ow - i n - t h e - d a rk bacterium bec a u s e
t h a t’s absolutely the best sys tem to use to understand this
qu e s ti on ,” she con ti nu e s .“ But everyone in my lab knows
that we’re not just working on V. h a rveyi, we’re work i n g
on you and me.”

Ba s s l er says her re s e a rch in the past few ye a rs has gone in
d i recti ons she never dre a m ed . In ad d i ti on to her co ll a bo-
ra ti on with a crys t a ll ogra ph er and a ch em i s t ,s h e’s invi ted
a theoretical physicist to join her te a m . He is using com-
p uter modeling to help understand bacterial ch a t ter.

“Wh a t’s most exc i ting to me is that this work has re a lly
s tretch ed me as a scien ti s t ,” she rem a rk s .

Taking her work into areas out s i de her own ex pertise is
not on ly thri ll i n g, it is also helping Ba s s l er train a new
gen era ti on of i n terd i s c i p l i n a ry scien ti s t s .

“As a bacterial gen eti c i s t , I never imagi n ed I’d be making
m o l ecules in my lab or doing crys t a ll ogra phy. But now the
po s tdocs and grad stu dents in my lab understand these
su bj ect s . Th ey are devel oping into scien tists of the futu re ,
l i m i ted on ly by their imagi n a ti on s .”

Secret Life
Hu n d reds of s c i en tists now
s tu dy bacterial com mu n i c a-
ti on , and practical app l i c a ti on s
of this work mu l ti p ly almost as
fast as the microbes them s elve s .
Ba s s l er ’s pion eering work in
the field was recogn i zed in
2 0 0 2 , wh en she was one of 2 4
s c i en ti s t s ,a rti s t s ,s ch o l a rs ,a n d

activists who won pre s ti gious Mac Art hur Fell ows h i p s .

This hon or, com m on ly call ed the “gen ius aw a rd ,” recog-
n i zes not on ly intell i gen ce but also excepti onal cre a tivi ty
and prom i s e . Ba s s l er was cited for work that “reveals new
i n s i ghts into the basic bi o l ogy and eco l ogy of b acteri a ,
fin d i n gs that may have direct app l i c a ti on in the futu re

e a rmu f fs on the bacteria so they co u l d n’t hear the
qu oru m - s ensing sign a l s .” This would tip the balance in
f avor of our immune sys tem s , wh i ch would then be bet ter
a ble to combat the bacteri a , she ex p l a i n s .

Case Closed, Doors Open
Ba s s l er and others have now ex po s ed a net work of
m o l ecules that V. h a rveyi uses to make ,s en d , or detect
qu oru m - s ensing message s . All these signals even tu a lly
re ach the kingp i n—a master reg u l a tor pro tein call ed
Lu x R , wh i ch tu rns on the 100 or so genes that launch
qu oru m - s ensing beh avi or.

But until recen t ly, a cri tical player in this net work elu ded
Ba s s l er and her te a m . What molecule serves as “com m a n d
and con tro l ,” s wi tching LuxR on and off? Her recent stu d-
ies divu l ged the answer—or actu a lly, a n s wers . It tu rns out
that there are four molecules re s pon s i ble for con tro ll i n g

Lu x R . An d , even more su rpri s i n g, t h ey are not pro tei n s ,a s
a re all the other molecules in the com mu n i c a ti on ch a i n .
In s te ad , t h ey are small RNA molecules (sRNAs ) , ch em i c a l
cousins of D NA in gen e s .

Ba s s l er named these newly discovered molecules Qrr 1
t h ro u gh Qrr 4, for qu orum reg u l a tory RNA 1 thro u gh 4.
In depen den t ly, e ach can tri gger qu orum sensing in an
i n s t a n t , but to tu rn it of f , you need all fo u r.

Ba s s l er is now foc u s ed on trying to understand how each
s R NA works and how the four opera te toget h er. Sm a ll
R NAs were on ly detected in the past few ye a rs and are
a s s oc i a ted with processes ra n ging from the devel opm en t
of em bryos and the form a ti on of the nervous sys tem to
c a n cer. If the sRNAs that Ba s s l er uncovered prove similar
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Squid Row
On land, only a handful of creatures shimmer in the dark—fireflies and some

earthworms, mushrooms, and algae. But in parts of the world’s oceans, up to 90 percent

of creatures glow, or luminesce. Light helps these organisms find food, mates, homes,

and—if delivered as a blinding flash—repel predators. 

Take bobtail squid, which use light not only to illuminate the night, but also to hide. Living

in knee-deep waters around Hawaii, these miniature squid nurture large populations of 

glittering Vibrio fischeri bacteria, close cousins to the V. harveyi that Bassler studies (see

main story). The V. fischeri live happily in the light organ on the squid’s underside, where

they dine on a rich fare of amino acids and other nutrients. In return, the bacteria provide

light that the squid deftly control in order to camouflage themselves from predators. 

During the day, the strawberry-sized squid bury themselves in the sand. At night, they 

wriggle out to hunt for shrimp, worms, and small fish. The squid keep a coat of sand on

their backs so that when seen from above, they blend in with the sea floor. But on bright

moonlit or starry nights, the squid have a problem since they cast a shadow on the sand,

advertising a bite-sized calamari snack for roving eels, barracuda, or seals. With light 

sensors on their backs, reflective proteins, and a shutter-like opening in their light organ,

the squid tune their bacterial glow to precisely match their surroundings. Cloaked in ambient light, they 

and their shadows essentially disappear.

At sunrise, the squid squirt out about 95 percent of the bacteria in their light organs. Depleted of their 

shining guests, the squid grow dim and retire to their sandy burrows. As they sleep, the remaining 

5 percent of the bacteria multiply. By dusk, the bacterial population reaches a quorum. Flip! The squid

begin to glisten, and it’s time to hunt. —A.Z.M.

Yet Ba s s l er is qu i ck to point out that scien ce is re a lly wh a t
d rives her. “ I ’m gl ad I was lu cky en o u gh to find the career
t h a t’s ri ght for me,” she says . “I think abo ut scien ce mu ch
m ore than I think abo ut singi n g. I think abo ut it in the
s h ower, while going to sleep, a ll the ti m e .”

S c i en ce itsel f is a means of c re a tive sel f - ex pre s s i on for
Ba s s l er. “We scien tists discover things abo ut natu re the
same way that an artist or ch oreogra ph er or dancer 
c re a tes new work ,” she says .

“I think scien ce is an i n c red i bly cre a tive en de avor. If
yo u’re good at it, i t’s art .” ■

tre a tm ent of d i s e a s e .” She was aw a rded $500,000 over
5 ye a rs to spend any way she would like .

Ba s s l er ’s en t husiasm and cre a tivi ty ex tend beyond her
time in the labora tory. E a rly in the morn i n g, for 5 days
a week over the past 20 or so ye a rs , Ba s s l er has taugh t
aerobics classes at the local Y M C A . She says it’s a way to
en su re she gets her own exerc i s e .“ If I didn’t te ach the
cl a s s , I wo u l d n’t go,” she chu ck l e s .

She also takes singing (jazz and opera) and acting lesson s .
“I am a curious pers on , so I won der abo ut these other
t h i n gs ,” she says .“ I ’m just trying them for fun. It’s my
o t h er sec ret life .”
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